A new algorithm for the rate control of videos considering the sensitivity of the human visual system (HVS) is presented. The method adopts the three-step structure of MPEG-2 Test Model 5 (TM5) rate control, while a new measure for the macroblock (MB) activity based on spatiotemporal sensitivity is introduced. Experimental results show that the proposed activity measure outperforms the spatial activity of TM5 in picture quality. © 2005 Society of Photo-Optical Instrumentation Engineers.
Introduction
The conventional rate control algorithms can be classified into two classes according to whether they use the ratequantizer ͑R-Q͒ model or not. The model based approaches, such as H.263 TMN Ver. 10 ͑TMN10͒ 1 and MPEG-4 Verification Model Ver. 8 ͑VM8͒ 2 have been considered as rate control for maximizing the video quality at a given bandwidth. However, they are inappropriate for use in a wide variety of bit rates. Among model-free approaches, the MPEG-2 TM5 rate control 3 is the most representative. It consists of three steps to adapt the MB quantization parameter for controlling the bit rates. 3, 4 Among them, the adaptive quantization step modulates the quantization parameter adaptively according to the spatial activity of the MB, considering the characteristic of the human perception. The human perception, however, depends not only on the spatial activity but also on the temporal activity of the MB. Based on this observation, we propose a new spatiotemporal activity measure for adaptive quantization.
Overview on TM5 Rate Control
The first step of the TM5 rate control is the target bit allocation. Based on several factors including the picture type, buffer fullness, and picture complexity, the number of bits available for coding the current picture is estimated. The second step is the rate control step. In this step, the number of bits for each MB is determined by the rate control algorithm within a picture, and then a quantization parameter is derived from the number of bits available for the MB to be coded. Adaptive quantization is the last step of the TM5 rate control. It is noted that for active areas or busy areas, the human eyes are not so sensitive to the quantization noise, while the smooth areas are more sensitive to the quantization noise according to the frequency masking effect of the HVS. Based on this property, the adaptive quantization modulates the quantization parameter obtained from the previous step in such a way to increase it for active areas and reduce it for smooth areas.
Adaptive Quantization Using Spatiotemporal Activity Measure
The adaptive quantization in the TM5 considers only the spatial characteristic of the human visual perception. Thus, the quantization parameter is modulated according to the spatial activity measure of the current MB. There still, in fact, exists another feature in the HVS called temporal masking, which can be suitably used to enhance the performance of the adaptive quantization. Temporal masking states that it takes a while for the HVS to adapt itself to the scene when the scene changes abruptly. During this transition the HVS is not sensitive to details. Considering both spatial and temporal masking properties of the HVS, the perceptual performance improvements can be obtained by introducing an adaptive quantization based on the spatiotemporal MB activity.
In the proposed method, the modulated quantization parameter for the jth MB is obtained by
where Q j is the quantization parameter obtained in the second step of TM5 rate control, and Nគact j is the MB activity factor, which is calculated as
The above equation indicates that, differently from TM5, the activity factor of the current MB is calculated as the weighted sum of the spatial activity factor Nគact j s and the temporal activity factor Nគact j t , which are calculated as where avgគact s and avgគact t are the average values of the spatial activity measure act j s and the temporal activity measure act j t of the last picture to be encoded, respectively; act j s and act j t for the jth MB are calculated as
where varគsblk is the variance of each spatial 8ϫ8 block, and M v p( j) is the predicted motion vector of the jth MB. For the case where the motion vector for the current MB is not available in rate control process, such as the H.264 video encoder, we use the predicted motion vector instead of the motion vector in Eq. ͑4͒. The parameter ␣ in Eq. ͑2͒ is the weight of the spatial activity in the MB activity factor. For intrapictures, ␣ϭ1.0 is used, and for interpictures ␣ϭ0.5 is used. Note that ␣ϭ1.0 means the TM5 rate control algorithm.
Experimental Results
To evaluate the performance of the proposed algorithm, four standard test sequences of ''Carphone,'' ''Container,'' ''Coastguard,'' and ''Foreman'' are used in the experiment, and the results are compared with those of the TM5. The rate control algorithms are implemented on the H.264/AVC JM2.0 video codec. 5 The frame rate is 30 frames/s, and the input sequences of 4:2:0 QCIF format are coded at the channel rate of 128 kbps. Except for the first frame, which is intracoded, all the subsequent frames are predictivecoded. Table 1 shows the average performance over 100 frames of both methods. It is noted that both methods provide ex-act rate control results. In the respect of average PSNR, the proposed method shows improvements about 0.7-1.1 dB over the TM5. Figure 1 shows the number of generated bits and PSNR values of the ''Coastguard'' sequence. Note that there is a little bit larger interframe variation in bit rates in the proposed method. This indicates that the proposed method modulates the number of bits so that more bits are allocated to stationary frames. The results of Table 1 and Fig. 1 show that the spatiotemporal activity measure for the adaptive quantization is superior to the spatial activity measure in TM5 in objective picture quality. Figure 2 shows the reconstructed frames of the 87th frame of the ''Coastguard'' sequence. It can be seen that, in the background and the right sea of the white coast guard ship ͑circled areas͒, the proposed method shows better picture quality. This demonstrates that the proposed method assigns more bits to still areas than the area of the fast-moving ship.
Conclusions
This letter proposes a TM5-like video rate control algorithm using a new adaptive quantization scheme. In our method, considering the temporal characteristic of the human perception, a spatiotemporal MB activity measure for the adaptive quantization is proposed. By evaluating the MB temporal activity according to the magnitude of the motion vector, the quantization parameter can be modulated so that more bits are assigned to the more perceptible still areas. 
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